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Introduction
Distiller's solubles, a by-product from the integrated starch-ethanol process (NÄSI 1988) are mainly used as a protein source for dairy cattle. Increasing dietary crude protein (CP) concentration by including dried distiller's solubles (DDS) in a grass silagebased diet had no effect on milk yield or milk composition (Ala-Seppälä et al. 1988) . In contrast, increasing protein content in the supplement by including soybean meal or fish meal has consistently increased milk yield in cows given grass silage ad libitum (Thomas and Rae 1988; Chamberlain et al. 1989) . Therefore, the absence of production response to DDS suggests that the diets were limited in the supply of protein, probably because of a high proportion ofrumen degradable N in the DDS. This is supported by the fact that replacing barley or barley fibre with untreated wet distiller's solubles (WDS) had no effect on duodenal non-ammonia N flow in cattle (Huhtanen 1992 ). In the following study, a treatment of DDS with a formaldehyde reagent tended to increase milk and milk protein yield as compared with untreated DDS (Huhtanen et al. 1991) ,and the performance of the cows given treated DDS was similar to that observed with isonitrogenous rapeseed meal supplementation.
In commercial farming, distiller's solubles are used mainly in wet form to avoid expensive drying procedures. In addition to high CP content (approximately 300 g/kg DM), WDS also contain about 150 and 50 g/kg DM of lactic acid and glycerol. Feeding WDS diets to cattle increased molar proportions of propionate mainly at the expense of acetate in the rumen fluid (Huhtanen 1992) . The changes in the rumen volatile fatty acids (VFA) are most probably due to fermentation of lactate to propionate (Chamberlain et al. 1983; Newbold et al. 1986; Jaakkola and Huhtanen 1989; 1992) .
Substituting barley with treated WDS can thus increase the supply of substrates, propionate from the rumen and amino acids from the small intestine, available for hepatic gluconeogenesis. Increased hepatic glucose production increases plasma glucose concentration (Annison et al. 1974 ) which in turn can increase lactose and milk production. Increased plasma propionate and glucose levels can stimulate insulin release (Bines and Hart 1984; Jenny and Polan 1975) , and according to the glucogenic theory of McClymont and Vallance (1962) , this can lead to a decline in milk fat content. In previous studies , changing the ratio of glucogenic (propionate) to nonglucogenic (acetate and butyrate) VFA has been shown to affect both the composition of blood and milk.
The purpose of this study was to evaluate the effects of WDS in the silage-based diet on feed intake, milk production and digestibility in dairy cows. Blood metabolites were determined to assess the possible effects of WDS on nutrient supply in more detail.
Material and methods
Animal production study Twelve (6 primiparous and 6 multiparous) Finnish Ayrshire autumn calving cows were used in a balanced 4x4 Latin square experiment. Each experimental period was of 4 weeks duration. The cows were divided into three blocks of four cows so that each group was as similar as possible in milk yield during the week before the start of the experiment and parity. Within each block, the cows were allocated at random to treatment sequences. The four treatments consisted of grass silage ad libitum and barley (7.8 kg DM/d) of which 0,1, 2 or 3 kg DM/d was replaced with WDS. The treatments are shown in Table 1 . At the start of the experiment, the mean number of days after calving was 44 (SE 5.0) and milk yield 27.9 kg/d (SE 1.58). The animals were housed and milked in individual stalls throughout the experiment. Grass silage was offered twice daily in sufficient quantities to allow proportional refusal of 0.05-0.10. The supplements were given in two equal meals at 6.00 and 14.00 hours on a flat-rate basis throughout the experimental period. The cows were changed to a new dietary treatment within four days.
Food
Direct-cut silage was made from a primary growth timothy-meadow fescue sward. The herbage was harvested with a precision-chop forage harvester and ensiled in a clamp silo. Formic acid (800 g/kg, AIV II) was applied during ensiling with the rate being 4-5 Et. Ration digestibility and energy utilization Apparent digestibility of the diets was determined using acid insoluble ash (AIA) as an internal marker (Van ICeulen and Young 1977) . The four high producing cows in the first block were used in digestibility study. Faecal grab samples were taken during the last week of each experimental period on 5 consecutive days at 7.00 and 16.00h. ME intake was calculated according to MAFF (1984) and as 0.82 x DE intake (ARC 1980). Milk energy content was calculated from the equations of Tyrrel and Reid (1965) . The energy requirements for maintenance and live weight change were calculated according to MAFF (1984) . The utilization of ME for milk production was calculated both ignoring (k,) or including (k 10 ) the effect oflive weight change.
Blood sampling
The two blocks of the cows which had the highest milk yield before the experiment were used for blood sampling. Ten blood samples at hourly intervals were taken via an indwelling jugular vein catheter (Cava-Fix, B. Braun Melsungen AG, 1.2-2.1/Gl4, 70 cm) on the last day ofeach experimental period starting before the afternoon feeding. The cows were catheterised on the day before sampling.
Chemical analyses
Chemical analyses and calculation of feeding values were made as described by Huhtanen et al. (1988) . Fresh samples of WDS were used for analyses. Gross energy (GE) content of the feed and faecal samples was determined by an adiabatic bomb calorimeter (Parr 1108). The chemical composition and calculated feeding values of the experimental feeds are presented in Table 2 . Milk fat, protein and lactose contents were analyzed by an infra-red milk analyzer. Milk urea concentration was analysed according to Rajamäki and Rauramaa (1984) and acetone according to Rajamäki and Rauramaa (1985) . 6-hydroxybutyrate (BHB) and acetoacetate were analysed from the whole blood and glucose, non-esterified fatty acids (NEFA), insulin, urea and VFA were analyzed from the plasma. NEFA were analysed from the samples taken before feeding and 2,4, 6 and 8 hours after feeding. The methods of the blood analyses are described in detail by Miettinen and Huhtanen (1989) . Different from the previous experiment, plasma glucose was analysed enzymatically using commercial reagents (BioMeriux, France). The plasma VFA were measured by head space gas chromatography.
Statistical analyses
The model used to analyze feed intake and animal production data was:
where S, C, P and T are square, cow, period and treatment effects. The data from the digestibility study was analysed by the analyses of variance for Latin square experiments. The data from blood analyses was analysed by slit-plot analyses of variance (Snedecor and Cochran 1967) (HT) km + e ijk|mn , where C, P, T and H are the effects of cow, period, treatment and sampling time. The sums of squares of treatment effects were further partitioned using polynomial contrasts into linear, quadratic and cubic effects of the level of WDS in the diet. The sums of squares of the H x T interaction were divided into the following contrasts: WDS linear x H (9 df), WDS quadratic x H (9 df) and WDS cubic x H (9 df).
Results

Feed intake and nutrient supply
Including WDS in the diet increased the concentrate DM intake (Table 3) . Mainly because of the differences in concentrate intake, silage DM intake varied quadratically (P<0.05) with a minimum in cows given diet WDSI. Total DM intake (P<0.05) and calculated intake of ME (P<0.10) and DCP (PO.OOl) increased linearly with the level of WDS. A quadratic (P<0.05) response to WDS was noted for calculated FU intake. With increasing level of WDS, dietary CP concentration increased from 146 (diet WDSO) to 172 g/kg DM (diet WDS3) with a respective of NDF from 392 to 348 g/kg DM.
Digestibility
The differences between the treatments in the digestibility of dietary constituents were small, although in some cases statistically significant (Table  4) .
Milk yield and milk composition
The yield and composition ofmilk and the yield of milk constituents for cows receiving the experimental diets are shown in Table 5 . A linear increase Utilization of ME The efficiency of the utilization ofME for milk production decreased with the level of WDS in the diet (Table 6 ). The difference was greater when the effect of LW change was taken into account (k |0 ) than when the effect of LW change was ignored (k,).
Blood metabolites
The effects of WDS on blood metabolites are shown in Table 7 (Fig 1.) . In other metabolites, the diet x sampling interaction did not reach statistical significance.
Discussion
Feed intake in response to WDS supplementation increased, in contrast to our earlier studies with DDS (Ala-Seppälä et al. Huhtanen et ai. 1991) . This was mainly because the intake of barley on WDSO diet was less than offered. However, among the WDS diets, the increase in silage and total DM intake suggests that the substitution rate of WDS is smaller than that of barley. The differences in the digestibility, though statistically significant, were trivial and too small to affect feed intake. As the amount of WDS in the diet increased, there was a linear decrease from 6.44 to 5.99 kg/d (PO.01) in NDF intake, suggesting that factors other than rumen fill were controlling the feed intake of WDS containing diets. The response to WDS in milk yield was slightly greater than in the previous study with treated DDS (Huhtanen et al. 1991) , probably because of a greater increase in feed intake. The response in milk yield can be accounted for by increased supply of ME with the WDS diets, even though most of the extra energy had been partitioned towards body tissues. The mean response of 0.11 kg milk per 1 MJ increase in ME is similar to that reported by Gordon (1984) for cows receiving increasing amounts ofconcentrate. None the less, the possible effects of treatment of WDS with the formaldehyde reagent can not be ruled out. Treatment of DDS with the same reagent tended to increase (Huhtanen et al. 1991 ) and treatment of barley or oats increased milk yield (Kassem et al. 1987;  Martin and Thomas 1988 ). However, it should be noted that in the latter studies the rate ofapplication of the reagent on a crude protein basis was 4-5 times greater than in the present study. There were differences in the response to WDS in the yield of milk constituents indicating corresponding changes in the precursor ratio (Oldham and Emmans 1988) . Fat yield was unaffected, protein yield was moderately increased and the greatest increase occurred in lactose yield. Enhanced lactose yield with increasing rate of WDS inclusion was due to increases both in milk yield and lactose content. Assuming 47 g/kg lactose in milk, the 64 g of lactose/d increase with diet WDS3 corresponded to about 1.4 kg milk, which is greater than the observed 0.8-0.9 kg/d improvements in actual milk yield with the WDS diets. Thus it appears that WDS provides the cows with a mixture of nutrients which favours especially lactose synthesis. In cattle fed a grass silage-based diet,replacing either barley or barley fibre with untreated WDS increased the molar proportion of propionate in rumen VFA mainly at the expense of acetate (Huhtanen 1992) , probably as a result of lactate fermentation (Chamberlain et al. 1983; Jaakkola and Huhtanen 1992) . Enhanced ruminal propionate production increases the supply of glucose precursors to the liver and hepatic gluconeogenesis. Since glucose is the main substrate for lactose synthesis (Kuhn 1983) , and milk yield is largely determined by lactose secretion (Sutton 1989) , greater milk yield with WDS diets may be explained by enhanced supply of lactose precursors. The lower milk lactose content with diets favouring low propionate to butyrate ration in rumen VFA (WDSO) is consistent with our rumen VFA infusion studies, which demonstrated a decrease in lactose content with decreasing propionate to butyrate ratio.
The response to WDS in milk protein yield may be explained by an increased supply of amino acids. However, a replacement of barley or barley fibre with untreated WDS did not affect duodenal NAN flow suggesting that all extra N from WDS was absorbed as ammonia from the rumen (Huhtanen 1992) . Neither any effects on ammonia production in vitro were detected with the level offormaldehyde used in the present study, and the rate of application had to be three times greater to reduce the rate of ammonia production (Kukkonen and Huhtanen, unpublished). These observations suggest that the response to WDS in protein yield may, at least partially, be due to increased ruminal propionate production which reduces the use of amino acids in gluconeogenesis (Armstrong 1982) .
Although including WDS in the diet might be expected to reduce milk fat content as a result of changes in the rumen fermentation pattern (Huhtanen 1992) , the changes observed were small and statistically not significant. Typically characteristic of grass silage-barley diets (Thomas and Chamberlain 1982) , the proportion ofbutyrate remained high when barley was partially replaced with WDS (Huhtanen 1992) . This suggests that milk fat content may not be reduced by moderate changes in the ratio of acetate to propionate when the proportion of butyrate is high.
Live weight change tended to decrease with increasing level of WDS, in agreement with AlaSeppälä et al. (1988) and Huhtanen et al. (1991) . Differences in the concentrations of most of the blood metabolites and milk acetone do not, however, indicate increased mobilization of body tissues with the level of WDS, rather the reverse.
There may be considerable errors in estimating live weight change, especially in change-over experiments, and the differences may be related to the changes in gut fill rather than in actual energy balance. Smaller live weight gain in cows receiving diets containing distiller's solubles are probably related to a smaller rumen volume (Huhtanen 1992) .
Similar effects of distiller's solubles on calculated utilization of ME were observed in our previous studies (Ala-Seppälä et al. 1988; Huhtanen et ai. 1991) . Decreasing efficiency of ME utilization for lactation with increasing level of WDS could be related to the above mentioned difficulties in estimating energy balance from live weight change. The energy cost of synthesizing and excreting the surplus nitrogen as urea can also account for part of the difference (see Oldham 1984) .
Although replacing barley with WDS in the concentrate has been found to decrease the concentration and proportion of acetate and increase those of propionate in the rumen fluid of cattle (Huhtanen 1992) , in the present study the rate of WDS inclusion did not significantly affect the average plasma concentrations of acetate or propionate (Table 7) . However, a large increase in the postprandial peak of propionate with WDS diets (Fig.  1 ) may indicate an increased ruminal propionate production from enhanced lactate intake (Chamberlain et al. 1983; Jaakkola and Huhtanen 1992) .Lactate intake increased from 475 g/d to 884 g/d as the rate of WDS inclusion increased from 0 to 3 kg DM/d.
The increase in the mean concentration ofplasma glucose with WDS diets is most likely caused by the increased supply of glucogenic precursors, propionate and amino acids, from the digestive tract to the liver (Brockman, 1986) .The increase in gluconeogenesis with WDS diets is further supported by higher lactose content and yield as compared with the barley diet. The decrease in plasma glucose concentration by intravenous infusion of insulin has also been shown to reduce milk lactose content and yield (Thomas et al. 1987 (Giesecke 1983) . The changes, although nonsignificant, in the concentrations of blood ketones and plasma insulin supports the latter.
In the present study, the concentration of plasma butyrate was higher than that reported by Sutton et al. (1986) and Huhtanen et al. (1992) . This maybe related to the basal diet of restrictively fermented silage and barley, which is known to produce a butyrate type rumen fermentation (Huhtanen 1988; 1992) . The increase in the plasma butyrate concentration with increasing amount of WDS in the diet indicates either an increased postprandial absorption of butyrate from the rumen (Stern et al. 1970; de Jong 1982; Huhtanen et al. 1992) or differences in the conversion of butyrate to BHB both in the rumen epithelium and liver. The ratio of plasma butyrate to blood BHB increased with the level of WDS in the diet from 0.031 to 0.050, indicating a decreased conversion of butyrate to BHB in the rumen epithelium or in the liver. The blood concentration of ketones decreased slightly with increasing amount of WDS in the diet. This suggests that either BHB was cleared more rapidly or that ketogenesis decreased when glucose availability increased in relation to energy requirements (Amaral et al. 1990) . Similarly, Orskov and MacLeod (1990) reported that an increase in blood glucose concentration with decreased blood BHB concentration.
The increased intake of protein was the obvious reason for the increased plasma urea concentration with increasing rate of WDS inclusion in the diet (Oltner and Wiktorsson 1983; Ropstad et al. 1989; Clement et al. 1991) , which indicates inefficient use of extra protein supplied by WDS. The concentration of urea in milk also increased with the level of WDS in the diet, although the relative increase of urea was much smaller in milk than in plasma.
It is concluded that the substitution ofbarley with WDS increased yields ofmilk, protein and lactose. This may be due to greater absorption of glucogenic precursors from the digestive tract and increased hepatic gluconeogenesis.
